Metabolic characterization of tumor cell-specific protoporphyrin IX accumulation after exposure to 5-aminolevulinic acid in human colonic cells.
5-Aminolevulinic acid (ALA)-induced protoporphyrin IX (PPIX) fluorescence has been shown to have high tumor cell selectivity in various organs, including the gastrointestinal (GI) tract. To better understand and to possibly find new approaches to therapeutic application, we investigated the uptake kinetics and consequent metabolism of ALA and PPIX, respectively. Three colon carcinoma (CaCo2, HT29, SW480) and a stromal cell line (fibroblast, CCD18) were chosen to mimic important aspects of malignant mucosa of the GI tract. Because differential PPIX concentrations in these cell lines represented the in vivo observations (ratio tumor vs normal 10:1-20:1), we analyzed the ALA uptake, mitochondrial properties and key molecules of PPIX metabolism (porphobilinogen deaminase [PBGD], ferrochelatase [FC], iron content, transferrin receptor content). The tumor-preferential PPIX accumulation is strongly influenced, but not solely determined, by activity differences between the PPIX-producing PBGD and the PPIX-converting FC, when compared with fibroblasts. Tumor-specific PPIX accumulation is generated by ALA conversion rather than by initial ALA uptake because no significant overall difference in uptake (about 0.6 microg ALA/mg protein) of ALA is seen. In conclusion, further research of tumor cell selectivity of PPIX fluorescence should focus on the mechanisms responsible for an altered PPIX metabolism to find tumor-specific target molecules, thus leading to an improved clinical practicability of ALA application and consequent endoscopy.